Introduction
Special attention has been given in the field of development economics to understanding the sources of economic growth. Solow (1957) 2 , who was the first initiates the concept of the residual in a standard production function provides the most influential study in the theory of economic growth. In the Solow approach, the real sources of technical change over time are considered to be disembodied to production inputs, implying that technological improvement over time is not included in the inputs of labour and capital.
Because of this feature of the Solow model, the real sources of technical change are considered to be exogenous. 3 The "new" growth theory relaxes a crucial assumption of the neoclassical theory regarding the diminishing returns to capital 4 suggesting that the determinants of growth are endogenous rather than exogenous. In the endogenous growth theory, technical change -the parameter A in the Solow aggregate production function-is not anymore a measure of our ignorance; instead, it is embodied in the factors of production and it is subject to an interplay between the structure of the economic system and the production process. From this respect, technical improvements can be enhanced within an increased variety of capital goods or within a higher level of human capital and certainly these factors cannot be considered (Aghion and Howitt (1998) ) as independent from factors of production. In the same line of argument, classical ideas of learning by 2 It should be mentioned that Solow (1957) was not the first one that tries to tie an aggregate production function; this attempt is also documented in Tinbergen (1942) . However, Solow was the first that links the idea of growth with the estimation of an efficiency parameter. 3 The initial formulation of the Solow model is ( , )
Q A F K L =
, where A is a Hicks-neutral technical parameter. Any shift of this parameter over time is "costless"-this highlights the feature of a disembodied technical change-and can increase output. This is why parameter A is referred to as the "Manna of Heaven". In a more realistic setting, the above formulation gives the opportunity of an econometric estimation regarding the contribution of the otter factors in shifting technical change over time. Hulten (2000) provides a short biography about the formulation and various considerations exist in the literature regarding the modeling of parameter A in the Solow model. 4 The neoclassical theory assumes that capital is subject to diminishing returns and given the assumption of identical preferences and technology across countries then poor countries tends to grow faster relative to rich ones. Baumol (1986) fails to document this prediction of convergence emerges in the neoclassical theory. This failure is that gives a strong inspiration on the development of the endogenous growth theory. Under the assumption of diminishing or constant returns, an assumption of convergence toward to long run steady state equilibrium at the natural rate cannot be made. This finding implies that investment is important for growth and thus it can be viewed as endogenous (Thirwall (2003) ). Investment can be associated as mentioned above with a bigger variety of capital goods and thus more technologically advanced and it can be linked to a more general definition of capital like human capital. The pioneer endogenous growth model are developed by Lucas (1988) and Romer ( ,1990 . doing can be accommodated in the endogenous theory reflecting the fact that the accumulation of knowledge can be a plausible source of economic growth.
One should not view these two theories as being contradictory to each other, instead the new growth theory is a complementary framework of the traditional growth accounting providing a more insightful and systematic analysis about the sources of economic growth across nations. Along with accumulation of physical and human capital, some new concepts have been added to the agenda of economic growth, with the most prominent being those of innovation and trade. The theoretical argument is that each of these two activities enhance a significant amount of positive knowledge externalities that can act as promoters of economic growth. Nevertheless, empirical literature does not always support the positive influence of these variables on growth -at least in the case of trade ). This empirical ambiguity stimulates further research not regarding whether innovation causes trade but in determining the precise mechanisms through which trade and innovation can meaningfully affect the rates of economic growth.
The present study contributes to the literature of economic growth, investigating the determinants of growth of total factor productivity (henceforth TFP) in Greek manufacturing industries. The investigation implemented within a concept of convergence between a non-frontier country, which is Greece and a frontier, which is Germany. As it stands convergence represents the potential of technology transfer between countries with different levels of productivity. Technology transfer is measured by an industry's relative index of TFP between Greece and Germany. The present concept of convergence is not identical to the classical idea of β and σ convergence met in the cross-country growth literature (Barro and Sala-i-Martin (1995) ). The difference is that β convergence, for example, is concerned with the relationship between a country's growth rate and its initial per capita income, while in the present study convergence refers to industry's TFP growth and its initial distance from the frontier. Similarly, σ convergence analyses the evolution of a growth measure of cross-section dispersion while here the focus is on the time-series relationship between TFP in the non-frontier and the frontier economy 5 .
The analysis of convergence from this different angle is an up-to-date theme in the productivity growth agenda and based on a model initially developed by Jones (1996a, 1996b) and it has been adopted for a more informative measure of TFP by Redding et al. (2005) . Apart from these studies, further evidence for the empirical validity of this convergence model is pretty rare. Exceptions are a studies from Griffith et al.(2004) , Cameron (2005) and Khan (2006) that test the model for a group of OECD countries, for Japanese and US industries and for French and US industries, respectively.
Despite the poor number of studies that analyse TFP convergence, the latter issue is of special interest from a policy-making point of view, especially for the ongoing process of European economic integration. A number of structural changes have taken place in the European Union within the last fifteen years, such as trade barriers removal, a common currency Union, formulation of a common economic policy for a number of issues, have as final objective a successful and sustainable economic integration across European member states. A relatively more integrated Europe without this type of constraints minimizes transaction costs, risks and uncertainties giving the opportunity to less developed economies to converge in a more rapid pace towards the economic level of more developed EU economies.
The present study has three main goals. Firstly it seeks to enrich the literature of TFP convergence using a lengthy panel from 1980-2003 quantifying the speed of convergence for a traditionally non-frontier economy like Greece. Secondly, it provides evidence regarding the impact of standard factors, such as R&D investment, trade and human capital on TFP growth of Greek manufacturing industries. Thirdly, the present study introduces some variables as potential sources of productivity growth that have attracted little attention in the empirical convergence literature. The chapter is organized as follows: section two provides a review of the literature regarding the sources of TFP 5 Redding et.al (2005) provides a detailed discussion regarding the similarities of the present concept of growth; section three presents an analytical framework for the convergence scenario and a discussion about the measurement of TFP; section four presents the econometric specification of the analysis and the main results; section five provides a sensitivity analysis to check for the robustness of the principal findings and section six concludes.
Sources of Productivity Growth
A body of empirical work has examined the relationship between R&D-the principal source of innovation-and productivity growth. Studies that confirm a positive effect of R&D investment on productivity growth include Griliches (1980) productivity growth refers to the accurate mechanism through which gains from R&D initially conducted abroad are transmitted across countries.
One of the most prominent scenarios is that foreign R&D is diffused to other countries via trade. When a trade partner devotes substantial resources in R&D activities then the importing country can have multiple benefits from trade; firstly, static gains are always present representing increases in welfare due to specialisation but also dynamic gains are derived from imitation of new technology already incorporated in the imported convergence with the classical ideas of σ and β convergence. 6 Linking this argument with stylized facts at the industry level, Spence (1984) assumes that firm's R&D investment provides positive spillovers in the performance of rival firms within the industry, leading to an increase in industry's overall performance. Simultaneously, spillovers generate free-rider problems affecting negatively the decision of a firm to invest in R&D. This feature of diminishing returns of R&D is more systematically explored in the sensitivity analysis of the empirical section later in the chapter.
commodities. For the dynamic effect to take place, trade should take place in raw intermediate inputs rather than in final goods. Exports have also some important positive spillovers. Exporting provides a static benefit because domestic producers can exploit economies of scale due to a larger market, while from a more dynamic perspective exporting brings domestic producers in contact with international best practices (i.e. this effect is known in the associated literature as learning-by-exporting), this set of gains is very similar to those acquired from pure exercises of learning by doing.
As far as empirical evidence is concerned about the above arguments, Keller ( , 2000 analyses whether imports of intermediate inputs can trigger productivity performance. The general finding of his studies is that import penetration enhances important positive effects for total factor productivity growth confirming that import flows incorporate effects from foreign R&D activity 7 . Keller's model concludes that R&D stocks in the countries of his sample have significant and positive influence on the TFP level of the receiving country. As far empirical evidence is concerned about the learning by exporting hypothesis, Clerides et al. (1998) and Bernard and Jensen (1999) conclude that there is no evidence for such a hypothesis at least after utilising firm level data. This result is also found in Xu (1996) after using country level data 8 . A convincing answer for the lack of evidence concerning the learning-by-exporting hypothesis is focused on the causal nature of the two variables. The current research agenda addresses the question whether exports improve productivity; while, the causality might be true in the opposite direction. In fact Clerides et al. (1998) and Bernal and Jensen (1999) find no 7 Kneller (1998) provides robust evidence about the import-learning hypothesis however in his study there is no evidence regarding the composition of imports. That is imports enhances positive effects regardless what sort of materials a country imports. In contrast, Kneller (2000) certifies the same argument about imports and productivity but also provide evidence for the composition of imported commodities concluding that it does matter for TFP growth. 8 Evidence for industry level data for the exporting productivity hypothesis is rather poor. A work about effects of exporting on productivity at the industry level is in progress in another paper of the present author. Some recent studies that they have analysed the issues using industry data are Anderson (2001) and Fu (2004) . Findings appear to be rather contradictory; the former study finds positive exporting effects of productivity growth for Swedish manufacturing industries while the latter finds no evidence for Chinese industries.
substantial effects from exporting to productivity but they support a self-selection hypothesis in which productive firms are those that become exporters.
9
In the discussion so far, special emphasis is given for the role of trade as a technology transmitter of foreign innovation (i.e. innovation that is initially developed abroad). The scenario regarding the contribution of R&D to productivity growth is incomplete if one ignores the multi-faced role of domestic innovation. The standard impact of domestic R&D is to accelerate the growth of productivity but even if this direct effect is weak, domestic innovation ensures that the domestic economy has the minimum level of technical expertise and technological know-how to absorb technological advancements form abroad 10 . This multifaceted role of domestic R&D is more systematically addressed in Griffith et al. (2004) , where significant empirical evidence is also found for a panel of OECD countries regarding the potential of domestic R&D to affect the absorptive capacity of the domestic economy.
The discussion above relies on some stylized factors that literature highlights as sources of TFP growth. Certainly, the sources of productivity growth are not limited only to the variables of innovation and trade. The present study extends the analysis including some factors that reflect the structure and trends in the domestic market, namely rigidities in labour markets and the degree of concentration within industries. Obviously, it is not claimed that the impact of these variables on TFP growth has not been addressed in other studies, but the present study addresses the impact of these variables within a framework of productivity convergence.
A flexible labour market allows resources to move easily and costlessly within the economy thus promoting efficient management of resources, which might be a crucial 9 Certainly, there are papers that find significant effect from exporting to productivity. The reason why empirical findings diverge from each other lies to the fact that countries under study experience different level of development. This type of disparities can explain to a large degree why in some studies there are positive knowledge spillovers from exporting while in some other they do not. For instance in a highly industrialised country very close to the international a frontier there is little scope for knowledge spillovers while in less developed country distance form the frontier is quite large and thus the margin for substantial knowledge spillovers are bigger. 10 A similar argument is made by Acemoglu and Zillibotti (2001) for human capital.
engine for positive productivity shifts. In the literature there are various measures regarding the regulation of labour markets. Scarpetta et al. (2000) provide a summary of measures for the product market and employment regulation. This set of measures is particularly useful in a cross-country context since they refer to differences across countries, while in the present study this measure is uninformative because any change in the regulation affects all industries in the same direction. The present study uses the minimum wage ratio to capture the effects of costs in labour input, which to some extent can be a disincentive for entrepreneurship and also to reflect the bargaining power of trade unions, which in principal has a negative effect in the optimal allocation of resources 11 . Another domestic factor that affects the growth of productivity is the level of competition existing in the domestic market. The well-known argument in economics is that perfect competition is the ideal market structure because it ensures an efficient allocation of resources and produces the biggest amount of surpluses for both consumers and producers. This argument is widely inferred as a positive link between competition and productivity performance. Furthermore, Vickers (1995) points out that innovation is generally promoted more effectively in competitive markets, implying that a share of the efficiency gains can be devoted to innovative activity. The productivity competition relationship should be treated with special care since its empirical confirmation is not always clear due to potential endogeneity between the two variables. Nickell (1996) mentions that if a firm is initially productive this leads the firm to gain a larger market share in the long-run; however in his study the evidence emerged suggests that market power generates a reduced level of productivity and more importantly an increased degree of competition is associated with rates of TFP growth. This evidence cannot be viewed as conclusive as there are studies, Caves (1987) among others confirming that 11 This variable is only a proxy and thus it is likely to be incomplete and powerless to illustrate all the possible ways through which s stringent labor market affects productivity. If labour legislation is over protective concerning workers then inefficient firms cannot easily make reforms towards a more efficient reallocation of resources (i.e. including firing employees), which might affect productivity of the whole industry. In addition to this, entry of new firms is strongly discouraged due to this strict legislation. In a similar argument, trade unions with strong bargaining power sometimes are able to achieve collective wage agreements that lie far above the completive value of marginal product of labour. As a result, workers are over -paid implying that financial resources are devoted for labour costs while they could have been used to R&D investment or other projects that stimulate productivity. Unfortunately, this type of ideas are very broad and the current measure of labour market rigidity is too limited to inform us separately whether these effect exist, consequently the lack of more informative data especially at the industry level force us to "stuck" to the current measure of labour market rigidities.
efficiency in the market is independent from the degree of concentration. Which of the above arguments is consistent with Greek manufacturing data 12 is examined in the empirical section followed together with a more systematic consideration of the endogeneity issue between productivity and concentration.
Analytical Framework
Consider a country
, producing an output in industry i at time t. Production is characterised by constant returns to scale and takes the form of a Cobb-Douglas production function:
Y measures value added and the inputs include capital stock K, labour L. Parameter A represents a measure of technical efficiency in a Solow manner, and differs across countries and industries. In the empirical analysis the efficiency parameter is approximated by an index of Total factor productivity (TFP). The above production function is homogenous of degree one and exhibits diminishing marginal returns to the production inputs.
For the purposes of the present analysis, at a given point in time t, one of the countries j will have a higher level of TFP and thus this country is specified as the Frontier economy indexed by F, in the present empirical model this country is Germany and the follower economy is Greece denoted by j. Later in the paper, the calculation of TFP levels indicate that this assumption is not arbitrary as it seems since the TFP level in German industries is higher than TFP level in Greek industries.
In Jones (1996a, 1996b) , , ,
A is primarily modeled as a function of either domestic innovation or technology transfer from the frontier country. Therefore, a general formulation of the efficiency parameter A in industry i of country j is:
12 Tsekouras and Daskalopoulou (2006) already provide some evidence for the case of Greece, finding that productive efficiency is unaffected from the degree of concentration in the market. The empirical evidence of this study, though, is focused on a smaller group of industries and for a shorter period compared to the present chapter.
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In equation (2) parameter γ represents the rate of innovation depending on industryspecific factor while parameter λ denotes the change in TFP with respect to technology transfer from the frontier. As it stands the higher is the gap in industry i from the frontier economy the greater is the potential for productivity growth through technological transfer. For the frontier economy, productivity growth depends only on domestic innovation and thus the second term in the right-hand side of equation (2) is zero for the frontier economy
Combining equation (2) and (3) yields the following relationship:
Equation (4) can be view as an equilibrium correction model (ECM) with a long-run steady state relative TFP. Assuming that in the long-run, , ,
, the steady state equilibrium is given by:
Equation (5) states that in steady state equilibrium, relative TFP depends on the rates of innovation in the non-frontier economy j, in the frontier economy F and in the speed of technological convergence between the two economies λ. From equation (5) is also implied that country j remains technologically behind in a steady state equilibrium, that is , , ln 0
In words, the last two inequalities describe that in steady state equilibrium technological frontier country F remains as such as long as the rate of innovation in country F is higher than the rate of innovation in country j.
A further issue regarding equation (2) is what are the specific factors determining the level of industry i's innovation. As it stands in equation (2) 
Measuring Total Factor Productivity
As discussed in the previous section the measure of productivity used in the present study is total factor productivity (TFP). The calculation of this index is based on a Tornqvist index number approach as has been initially developed by Caves, Christensen and Diewert (1982) . This TFP index can be directly derived by a flexible translog production function and it is superlative since it is a close approximation of an arbitrary, twice differentiable production function with constant returns to scale 13 . From the Tornqvist index, the TFP growth in industry i is defined as:
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The notation remains the same as in the previous section, where j and t refers to country and time, respectively. Output Y is measured by value added, L is a measure of labour input and K denotes capital stock. The input measures of equation (6) (6) is 1995.
As appeared in equation (2) and (4) of the previous section, apart from industry i's TFP growth, another index is necessary to express industry i's TFP in Greece relative to industry i's in Germany. The relative index of TFP level is defined in a similar way as:
where j and F are Greece and Germany and the labour share is now defined as:
The construction of capital stock is based on a standard perpetual inventory method given by the following formula: , ,
, , 1 , , 1
(1 )
, where the Greek letter δ denotes the capital depreciation rate, defined at the 10% for all industries and I stands for the investment in gross fixed capital formation. The initial capital stock is given by the following formula:
, ,1980 , ,1980
, where g is the average growth rate in industry i's investment over the whole period and year 1980 is the first year with data available in investment of gross capital.
A common problem in industry's TFP comparisons across countries is the measure of both output and inputs in a common currency, in the present study though this does not appear as a problem since OECD-STAN provides data for Greece and Germany in a common currency. Values for the whole period are converted into euros using the annual exchange rate of the year that country enters the common currency union. Apart from issues refers to measuring values in a common currency, there are some issues concerning a consistent measurement of TFP index. Productivity is strongly procyclical and thus it is affected by movements of the business cycle, to take into account the above effect, TFP indices are adjusted for capacity utilization. There are two main ways to do these adjustments the first one is to include an explanatory variable of capacity utilization in the empirical econometric specification, this approach is followed by Redding et al. (2005) , an alternative way is to adjust the calculated capital stock by an index of capacity utilization as proposed by Dollar and Wolff (1993) . Furthermore, the TFP indices in equations (6) an (7) adjust the number of employees with average amount of hours worked in each industry 15 . A necessary extension might be to adjust TFP for quality differences in the labour input. This requires information about the number of skilled and unskilled workers as well as information about their wages, unfortunately these data do not exist for Greek manufacturing industries for the whole period under study and thus labour is measured as a homogenous input. 16 After the adjustments discussed above the final TFP growth index takes the form:
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where h denotes the average annual hours worked and u denotes the percentage of capacity utilization. No industry-specific information is available for capacity utilization since data for this variable are reported for the whole manufacturing sector implying that the business cycle affects all industries within a country in the same way 17 . This adjustment is likely to affect productivity measurements when comparisons occur between countries.
Annual TFP growth rates of the aggregate manufacturing sector for the whole period are shown in table 1 along with the relative TFP level. Greek manufacturing sector is grown on average by 1.72% in the sample period while the German manufacturing experiences clearly a lower rate of productivity equals to 1.44%. This preliminary table suggests that the non-frontier economy has a higher productivity growth as predicted by the theory.
The last column of 
Econometric Model and Results
The present section specifies the econometric model applied to estimate the sources of productivity growth in Greek manufacturing industries. The formulation of the model is principally based on the theoretical model already presented giving emphasis to the catch-up process between industries across countries. The empirical convergence equation is an equilibrium correction model (ECM) represented by an ADL (1,1) process 18 , in which the level of productivity in industry i is co-integrated with productivity in the frontier country F as follows:
where ω stands for all the observed and unobserved effects that may influence TFP and it is further decomposed as:
The summation in the right-hand side of (11) includes all the observed factors affecting TFP while ρ and d stand for industry and year specific effects, respectively. Assuming that the long-run homogeneity (   1  2  3 1 β β β − = + ) holds in (10), then its transformation gives:
In equation (12), the dependent variable is industry i's TFP growth in the non-frontier economy-Greece-while the right hand-side includes industry i's TFP growth in the frontier economy and a term of technological gap between country j and F in industry i.
Substituting (11) into (12) gives a specification in which R&D, trade and human capital influence the rate of TFP growth in the non-frontier economy both directly and through the rate of absorptive capacity. Finally, the panel structure of the model should be taken into account the existence of heterogeneous factors that affect TFP growth. After these considerations, the estimable equation takes the following form: 
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In ( (13) is to use a least squares dummy variable approach (LSDV), which is basically an OLS including a set of dummy variables. A potential problem regarding this approach is that industry fixed effects might be correlated with other covariates in the right-hand side thus producing biased estimates. Instead, a within group estimator avoids this problem by expressing all variables as deviations from their sectoral means. In the present case, the size of the panel 19 indicates that the fixed within group estimator is more preferable than an IV-GMM (Judson and Owen (1999) ).
19 After missing two years required for the construction of some variables, the panel consists of 22 years and 16 industries. This implies that the number of time series units is bigger than the number of cross-sections
The estimation of a cross-section time series model requires some assumptions regarding the process evolved by the error term , , i j t e in equation (13). Some of these assumptions are not met in the present data and thus a more systematic treatment is needed to provide unbiased estimates. Firstly, the model allows for a heteroscedastic error term across Table ( and thus relying on Monte Carlo experiments conducted by Judson and Owen (1999) , the FE within group estimator is a better choice than GMM. 20 The software package used to estimate regressions throughout the paper is STATA 9. The specific estimator used by STATA for a FE within groups model and for correction of the associated misspecification errors is the Panel Corrected Standard Error Estimator developed by Beck and Katz (1995) . Estimates are based on a Fixed Effects within group estimator corrected for heteroscedasticity, cross-sectional correlation and industry specific serial correlation. Columns (1)-(4) consists of 17 industries, however industry of vehicles is omitted from all the forthcoming specifications due to lack of data in R&D. Colum (4) examines the influence of human capital (logHCshare t-1 ) measured by the share of workers with tertiary education in total labour force and its interacted term (HCshare t-1* TFPgap). Results from this specification suggest that the level of human capital has a positive effect on total factor productivity growth as normally expected; however, this effect is not significant at conventional statistical levels.
Column (5) controls for the impact of R&D on the growth of total factor productivity.
The pattern revealed is quite similar to the one emerged from the trade specification in column (1). The level term of R&D share appears with a negative coefficient and is statistically significant at the 5% percent level. This negative pattern is likely to indicate that expensive nature of R&D activity, which is somehow risky and uncertain since it needs time to implement R&D effort to pure productivity gains. Nonetheless, the interacted term is positive indicating that R&D intensity might have another role apart from directly boosting innovation. This preliminary pattern is consistent with the second face of R&D, which stresses the role of R&D intensity in improving absorptive capacity.
Currently, this effect cannot be viewed as overwhelming-but it is proved so in the next specifications-given that the coefficient of the interacted term is marginally significant at the 10 %. Table 4 presents results from a specification in which both trade and R&D variables are included along with their associated terms. In column (1), the autonomous technology transfer as measured by the relative TFP variable is positive and statistically significant at high confidence levels, confirming once again that a country, which falls far behind the frontier tends to grow faster. Concerning the other variables, trade level still has a negative sign as in table 3. The interacted term is still positive but not statistically significant. The R&D level continues to be negative as it is in table 3 but now it turns up with an insignificant coefficient. The interacted R&D term is positive and significant at the 5 % providing stronger support for the estimates of table 3. Column 2 introduces in the model the role of labour market rigidities on growth of TFP. As discussed earlier, stringency in the labour market can be an obstacle for productivity performance from many different aspects. These rigidities can be somehow captured in the ratio of minimum to median wage. Column (2) certifies that labour market rigidities have a negative influence on productivity growth as the ratio of minimum to median wage has a negative coefficient and marginally significant (t-value is 1.88). At the same specification, the autonomous technology transfer and the interacted term of R&D have a statistically significant coefficient. Column 3 presents results from a specification that includes a measure of domestic market concentration. Note that data for this variable are only available from 1993 onwards and thus the length of the panel is reduced by twelve years. As already pointed out, the interpretation of the coefficient of this variable is based on contradictory arguments. Industries with large market shares might experience substantial monopoly power hampering efficiency and allowing for slack, while at the same time a reverse argument suggests that when firms within industries dominate the market, they start operating in a higher scale of production, a fact that can be proved beneficial for overall industry's productivity. According to column 3, the latter argument gains support in Greek manufacturing sector since the lagged variable of domestic concentration comes up with a positive coefficient. Nonetheless, this effect is not strong because statistical significance lies far below conventional levels. The only remarkable difference between specifications 1 and 2 is that the technology gap variable is insignificant 21 likewise with the labour market variable while the interacted term of trade with the technology gap becomes significant at the 10% percent level. Wooldridge (2002) ; the null hypothesis is no serial correlation. The Sargan test is a statistic for the validity of instruments following the Chi-squared distribution; in the current model n equals to 5 and clearly suggest to accept the null hypothesis that the instruments re valid.
A further concern regarding the econometric analysis of the present chapter is the existence of substantial measurement errors. The present measurement of TFP controls for some standard corrections suggested in the literature of TFP measurement, such as hours worked and capacity utilization. To control for this endogeneity problem as well as to correct for any potential measurement bias already embodied in the TFP measurement, instrumental variable (IV) estimation is considered. As instruments of TFP gap at t-1 can be used longer lagged values of the TFP distance variable. In the present study, one of the central hypotheses is to investigate whether there is substantial evidence for the trade-led growth hypothesis.
Nevertheless, the neoclassical trade theory identifies as determinants of trade flows differences in the level of productivity across countries; this proposition implies that the link of trade with productivity might run in the opposite direction. Therefore, growth of 22 There are some other issues discussed in the literature about potential bias in the measurement of TFP. These are different types of workers in the measurement of labour input, the existence of price marks up and problems derived from double-checking. Some of them are unlikely to be addressed in the present work due to lack of data availability, this is the case especially for different types of labour. In the next section, it is provided a test for the bias captured from double-checking in the construction of TFP. This is that R&D inputs, especially R&D personnel are sometime double counted in the standard measure of labour input. After extracting R&D personnel from the total number of employees in the TFP calculation, the TFP figures are almost unchanged. The results produced in columns (4) and (5) rely on a 2SLS IV-FE estimation.
Specifications in columns (2) and (4) constitute the preferable specifications of the chapter and the main inference discussed later in the chapter is based on them 24 .
Comparing results between the IV and the within groups estimator the main differences emerges in the coefficient of the TFP gap. It is not any more statistically significant while 23 The implementation of the Wooldridge test follows the standard procedures used to test for the existence of autocorrelation in the idiosyncratic term. Equation (10) is initially estimated in first differences and then contemporaneous residuals are regressed upon one year lagged residual like a standard AR (1) model. The null hypothesis of the Wooldridge test specifies that the coefficient of the lagged residual equals 0.5. Rejecting the null indicates that first order serial correlation exists in the model. 24 Specifications in (3) and (5) include the concentration variable and from this respect should be more informative; however, due to short series in concentration variable, specifications in (3) and (5) Finally, the strong and negative impact of labour market rigidities persists on the growth of total factor productivity in the IV estimation and it is even stronger compared to the coefficient in column 2 (i.e. it is significant at 5%). As already commented (footnote 10), the current study cannot perfectly define a variable that captures all the institutional factors that determine the level of stringency in labour market. To the extent that the ratio of minimum to median wage is more likely to reflect the bargaining power of trade unions, then the outcome clearly pointed out from the present study is that trade unions in Greece are quite powerful. This means that collective wage agreements determine an actual wage that in some industries lie far above the competitive level of marginal 25 Although, this study documents that the effect of autonomous technological transfer is smaller after product of labour. In this context, a powerful trade union can be also connected with a protective employment legislation that has negative effects on the skill upgrading of labour force. From this point of view, when firms wish to achieve a high level of dynamic efficiency should recruit personnel that can adopt in the new technological standards. If legislation is too strict, firms do not recruit easily people from the external market, instead they need to re-train the existing personnel to acquire the necessary skills, but with wages already above the completive level, additional training of the personnel causes further increases in labour costs and thus firms are unable to follow the new technological changes (Scarpetta et al. (2006) ). This conclusion cannot be directly drawn for the Greek manufacturing sector since the variable used is not a pure measure of the employment protection legislation (EPL); nonetheless, the above arguments implies an underlying process that might drive the negative relationship between the minimum to median wage ratio and TFP growth.
Summarizing the results so far, table 3 presents evidence from a preliminary analysis and shows clearly that as country falls far behind the frontier then it experiences a more rapid growth of TFP. From the preferred specification of the chapter, table 4 (columns (2) and (4)), the main message is that R&D matters more for country's absorptive capacity rather than the direct stimulation of productivity growth. Similarly, labour market rigidities have a negative impact on TFP growth. A positive effect is also documented for the interacted trade variable in the IV estimation 26 . Before proceeding with some sensitivity tests about the robustness of the current results a useful task is to interpret the absolute coefficient of the TFP gap variable. Emphasis is given to coefficients in column (1) and (2) in table (4), where the speed of adjustment is 5.6% and 3.7%, respectively. These coefficients imply that the catch up process in the Greek manufacturing industries towards their German counterparts is rather slow. This argument becomes more transparent taking into account findings from other studies regarding the above coefficient. Particularly, in a very similar specification as it is table 4, Cameron (2005) controlling for potential endogeneity. 26 The fact that the interacted trade term is negative in the within groups estimator column (2) lies on the fact that trade measure includes both imports and exports components and this yields somehow contradictory patterns. Running regression in column 2, including only the import share as indicator of trade the sign of the variable is positive, still though it remains insignificant.
finds that the speed of adjustment in Japanese industries towards their US counterparts is 6.3%, while, Khan (2006) reveals a speed of adjustment of French industries towards US counterparts in the order of 6.5% 27 .
Sensitivity Analysis
Several issues are involved regarding the results presented in the previous section. After controlling for potential endogeneity in key variables, the new estimates reveal that the major change in the pattern of the results is that the coefficient of autonomous transfer losses much of its statistical significance while the interacted terms are significant in almost all the IV specifications. However, endogeneity is not the uniform problem of measurement that might be present in the present econometric specifications, several measurement problems might exist regarding either TFP or some other variables. Apart from measurement errors, some results obtained above are contradictory to the theoretical expectations and therefore some further analysis is required to check whether the findings of the previous section yield a particular structural pattern or simply reflect a problem in the definition of specific variables. The present section conducts some sensitivity tests seeking to test for the robustness of the results in equation (13). Tables 3 and 4 are unable to reveal any significant impact of trade on TFP growth. This finding is in opposition with propositions of endogenous growth theory but it also diverges from findings in other empirical studies. To analyse further this result, two points should be taken into account, firstly more emphasis is given to the idea discussed in the introduction regarding the strong similarity between the concepts of learning-bydoing and learning-by-exporting. If these two processes have many common features then learning-by-exporting might be described more accurately by a non-linear relationship. Going back to the seminal work of Arrow (1962) , the key point suggested is 27 Appendix provides a formal unit root test for stationarity to test whether the model specified in 10 is a good approximation of an equilibrium correction model. that learning-by-doing is an accumulated product of experience and as such is subject to diminishing returns to scale. Accepting that dynamic gains from exporting are at work but they are not infinite implying that after a critical threshold further increase of export activity is unable to provide significant benefits 28 . Secondly, models developed by Young (1991) and Chaung (1998) emphasize the bounded nature of learning induced by trade.
The latter studies suggest that learning by trading is critically determined by the pattern of trade (i.e. the types of goods traded) and the identity of the trade partner.
Appendix 3 replicates specifications (2) and (4) share considering both a within -groups and an IV estimator. In the IV estimation, the instruments used are the second and third lags of the endogenous variables, and second the third lags of the R&D share. An interesting point is that there is a weak evidence for the bounded nature of learning induced by trade in specifications (2) and (4) for the reason that the quadratic share term is positive and statistically significant at the 10% level (t-values are 1.7 and 1.92 for the import and export share respectively). This can be viewed as evidence of a non-linear relationship between dynamic import and export gains and TFP growth. Nevertheless, these non-linear relationships cannot be viewed as overwhelming both because the coefficients of trade variables are statistically significant only at the10% and because after controlling for possible endogeneity, the coefficients of the quadratic trade terms are changed back to negative (columns (3) and (5)). Note that the interacted terms are in all specifications with statistically insignificant coefficients.
Specifications (6) and (7) refer to estimates when trade only with G7 countries is considered. The ratio used is the sum of imports (exports) to G7 over the total amount of imports (exports). The rationale of this specification is based on the idea that these countries are clearly more technologically advanced than Greece and thus increases in trade involvement of Greek industries with them can enhance significant knowledge spillovers. This specification does not offer any insight for the hypothesis that the identity of trade partners can generate positive learning shock that stimulates TFP growth.
Overall, there is a weak evidence for a non-linear relationship between trade components and TFP growth, which disappears as IV estimation is applied; while learning effects do not depend on the identity of the trade partners.
A further check of robustness involves the measurement of R&D. The previous section relies on a flow measure of R&D; however, it seems reasonable to assume that knowledge is an accumulated process rather than a one -off effect . Therefore, R&D is also measured as a stock variable obtained by the standard inventory equation:
RDstock t-1 describes the accumulated stock up to period t-1 and RDexpenditure denotes the expenditure on R&D conducted by industry i at the current year. The initial R&D stock in industry i is calculated using a benchmark equation proposed by Griliches (1981) , which is identical to the formula applied to calculate benchmark physical capital stock previously. A standard dilemma encountered in the calculation of the above equation is a plausible assumption about the depreciation of the R&D stock. The present measure assumes a rate of 5%, admittedly this assumption is an arbitrary one; although, it will make no difference in the qualitative picture of the econometric results if it is assumed a rate of 10 or 2.5 percent. One of the robust results of the previous section is the positive coefficient of the R&D share interacted with the TFPgap. This positive coefficient associates R&D investment with technology transfer. An alternative interpretation of the interacted term indicates that countries lie far behind from the frontier conduct initially little R&D and thus marginal productivity of R&D at the early stages is quite high (Griffith et al. (2004) ). This argument implies that R&D might be also subject to non-linearities. After controlling for a quadratic term of R&D share in columns (3) and (4), no differences arise from the previous specifications, suggesting that in Greek manufacturing industries R&D might not be subject to diminishing returns to scale. The TFPgap variable is always positive and statistically significant apart from the specification (4). However, the speed of adjustment when France is considered the frontier seems to be higher than it is with Germany. For example the coefficient of TFPgap in column 2 of table (2) is 3.5%, while now it is 5.6%. This result is reasonable taking into account that on average TFP differences between Greek and French industries are higher than those between Greek and German industries. Therefore, the potential of technology transfer is higher in the former case and hence the TFP growth rate is higher.
Trade share maintains a negative sign likewise it does when Germany is the frontier country. The only difference emerges in this table is that the trade share is now statistically insignificant in all specifications. The same insignificant pattern applies for the interacted trade term. Interestingly enough, the R&D share turns up with a positive and statistically significant coefficient. This pattern is consistent throughout all the specification in table and it is the only important difference compared to estimates obtained for R&D shares when Germany is used as the frontier country. In the same line of argument, the second face of R&D appears now to be informative regarding its effect on growth of total factor productivity. This result suggests that the second face of R&D is not anymore present when the Frontier country is France while a positive and strong direct effect of R&D is documented at least in the within group estimator. This finding is not consistent with the suggestion of Acemuglu (2005) and Cameron (2005) , who argue that the importance of R&D as a country falls far behind the frontier is to improve the country's absorptive capacity rather than to have a direct effect on productivity growth.
The minimum to median wage ratio is always negative and statistically significant at conventional levels from estimations using the whole panel (columns (1) and (2)), while it remains negative but insignificant when the reduced panel is considered (columns (3) and (4)). As far the concentration variable is concerned it is appeared to be no informative concerning TFP growth; it has a positive sign in the within groups estimation and marginally significant at the 10% level while it turns up with a negative coefficient in the IV estimation. Overall, considering France as frontier country, results tend to be less significant about the other sources influence TFP growth. The main force drives TFP growth is captured within autonomous technological transfer and the contemporaneous term of French industries' TFP growth. This pattern is reasonable given the fact that at the end of the period, Greek industries yet fall behind compared to their French counterparts and thus the potential of technological transfer is still quite high.
Conclusion
The present study analyses the crucial issues of productivity performance, which is an vital issue strongly related with improvements of economic welfare. Productivity growth in the present chapter is analyzed under the general theme of TFP convergence, which has been a recently development in the research agenda of productivity analysis. The current study contributes to the TFP convergence literature by providing evidence from a non-frontier country, which is Greece and a frontier country, which is Germany. The empirical evidence refers exclusively to two European countries and this is something new in the literature since most of the empirical evidence so far compares TFP performance of a non-frontier country (still developed), with United states. In a more general view, this pure intra-European comparison, constitutes a central issue of the European economic integration, given that many policies seeks to narrow the gap between the core and peripheral countries of EU. Consequently, it is useful for the policy maker to be aware of the factors that stimulate productivity growth and thus to design the appropriate policy devices in order to promote productivity over time.
The results obtained from the present study regarding the sources affecting productivity refer exclusively to Greek manufacturing industries; however, more general lessons can be learned from the present analysis and be considered as compatible to other European countries that experience the same level of development and perhaps the same economic features with Greece. The first finding of the study is that there is a convergence process at work during the sample period. In the beginning of the period, on average the Greek beneficial. In general, Greek industries seem to learn more from importing than exporting since in the preliminary specification of the paper, the import interacted term is always positive and statistically significant while the interacted exporting term is insignificant.
Two new variables are also added in the analysis reflecting the impact of domestic conditions on TFP growth. The ratio of minimum wage to median wage is consistently negative and in almost all the specifications is significant. The concentration index is insignificant but after controlling for potential endogeneity with TFP growth, the result tends to be compatible with the view that monopolistic practices in the market are not an obstacle for efficiency but dominant firms exploit economies of scale and thus industry's overall productivity growth is affected positively. The most interesting field for policy making implications can be derived from the variable of labour market rigidities. Before one states strong conclusions should be aware that the measure of this variable is incomplete, in a sense that it is likely to reflect very particular effects and thus more generalized conclusions might lead to mistaken interpretations. Given that in Greece the wage determination is based on the unionization of the labour market, the present negative impact of the associated variable on TFP growth indicates that trade unions experience strong bargaining power achieving collective wage agreements that in some industries correspond to actual wages above the competitive level. Certainly, this practice neglect financial resources from other activities concerning training of personnel, adjustment and use of new technological techniques etc. Further arguments should be also done but with some caution; the negative impact of the labour market variable might refer to a very strict employment, which does not allow employers to adjust their work force effectively and quickly. On this basis, inefficient firms remain as such for a long period of time, simply because the existing legislation does not provide them with the appropriate legal frame in adjusting their labour input in a way that leads to an efficient reallocation of resources. After all, the question emerged is what it should be an appropriate policy reform within the labour marker in order to stimulate productivity growth? An insightful discussion of this issue is beyond the scope of the paper but easing the stringency in Greek labour markets will certainly have a positive impact on TFP growth as already suggested in Scarpetta and Tressel (2002) . In order to do so, legislation should give to firms the ability to hire the personnel needed from the external market without legal rigidity or structural changes should take place in the salary schemes to ensure equivalence between actual wages and productivity levels.
After this study, there are some issues remain unexplored and definitely need further investigation. Two paths for further research that are strongly related to the current work are to quantify the direct impact of foreign R&D on domestic TFP (Coe and Helpman (1995) and Kneller (2000)) and to asses whether the pattern (i.e. type of goods traded) of trade really matters for TFP growth. In addition to these, future research should address issues such as the impact of FDI and firm dynamics on TFP growth. Both of these factors can be conduits of various positive spillovers that boost productivity performance. The presence of multinational companies in the domestic market is a channel that can diffuse techniques and new ideas increasing thus the rate of TFP growth. Simultaneously, entries (exits) in (from) the market as well as factors that drive this type of movements constitute core issues of the current productivity research agenda (Scarpetta, Tressel (2006) ) 29 .
Appendix 1 Total Factor Productivity
The main source of data used in calculating TFP is OECD-STAN. 
Human Capital
It is measured as the share of workers with tertiary education over the entire labour force. Data for educational enrolment by level and for labour force are taken by UNESCO.
Concentration Ratio
An ideal measure for industry's concentration is the Herfindahl-Hirschman index;
however, its calculation requires specific information for the whole number of individual firms in each industry and such a dis-aggregate data set is very difficult to be obtained for Greek manufacturing firms. Following a methodology proposed by Schmalensee (1977) the concentration index is computed as:
where AS 1 and AS 2 are the average market shares of the five largest firms and the remaining firms of the industry, respectively. Using n and n 1 to denote firm population and group of largest firms in the industry (i.e. in the current case this is five) the above index is easily computable. Schmalensee (1977) considers Herfindahl-Hirschman index as the ideal measure and after comparing twelve possible surrogates concludes that, the above index is the second best alternative. Market Share of the top five firms in each industry is calculated using information of total assets in monetary values provided by ICAP. The latter is a private Business Information and Consulting company that reports financial data for Greek manufacturing firms. Data used in the present study are reported from the annual financial directory of Greek manufacturing Sector and they are only available from 1993 and onwards.
Appendix 2
To obtain a more formal test of convergence for each industry the methodology of Bernard and Durlauf (1995) and Bernard and Jones (1996 a) is followed. In the present framework a Greek industry i is said to converge towards its German counterpart i if the TFP gap (i.e.
, , all industries in the sample convergence is at work. The fact that it is possible to accept the null hypothesis in all industries indicates that data of the current study support the formulation of an equilibrium correction model (ECM) as specified in (10). The economic content of the observation is that for industries where TFP gap is not stationary, the long-run average productivity growth would be different (Bernard and Jones 19996a) . 
Unit Root Tests

